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)LJXUH  VXPPDUL]HV WKH VWHSV RI DQ HYDFXDWLRQ SODQQLQJPHWKRGRORJ\$Q HYDFXDWLRQ SODQQLQJPHWKRGRORJ\
LQLWLDOO\ GHDOV ZLWK WKH LGHQWLILFDWLRQ RI WKH UHJLRQ WR EH HYDFXDWHG*ROGEODWW SXUSRUWV WKDW LQ FDVH RI D WHUURULVW
VFHQDULR FKHPLFDO VSLOOV UDGLRORJLFDO UHOHDVHV WKH DUHD WR EH HYDFXDWHG XVXDOO\ WDNHV WKH VKDSH RI D NH\KROH




7KH QH[W VWHS FRQFHUQV WKH HVWLPDWLRQ RI WKH GHPDQG RYHU WKH HYDFXDWLRQ DUHD EHIRUH GXULQJ DQG DIWHU WKH
RFFXUUHQFH RI WKH LQFLGHQW 7KH GHPDQG SRSXODWLRQ LV VXEGLYLGHG LQ JURXSV SHUPDQHQW UHVLGHQWV WRXULVWV
HPSOR\HHVDQG WKHQGLVWULEXWHG WR WKHGHVWLQDWLRQDUHDV7KHFKRLFHRI WKHVHDUHDV LVEDVHGRQDVHULHVRI IDFWRUV
DFFHVVLELOLW\SUR[LPLW\HWF

7KH GHPDQG HVWLPDWLRQ DQG GLVWULEXWLRQ GDWD LQIRUPDWLRQ LV VXEVHTXHQWO\ XVHG LQ WKH GHYHORSPHQW RI WKH
HPHUJHQF\ VFHQDULRV DV WKLV DOUHDG\ LQFRUSRUDWHV WKH DVVXPSWLRQV PDGH FRQFHUQLQJ WKH GLVSRVDO RI LQIRUPDWLRQ
DERXW WKH LQFLGHQW DOWHUQDWLYH URXWHV WKH H[LVWHQFH RI SUHVFULSWLYH RU GHVFULSWLYH LQIRUPDWLRQ 9DULDEOH0HVVDJH
6LJQV ODQH FORVXUHV FRQWUDIORZ ODQHV HWF DQG WKH UHDFWLRQRI GULYHUV WR VXFK GLUHFWLRQV8QGHU WKH HPHUJHQF\
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VFHQDULRGHYHORSPHQWVWHSIDOODOVRDVVXPSWLRQVFRQFHUQLQJWKHWHPSRUDOSURILOHRIWKHLQFLGHQWSHDNYVRIISHDN






WKHHYDFXDWLRQDUHDDQG LQ WKHRXWVNLUWVRI LW WKHVDWXUDWLRQRIVSHFLILHGQHWZRUN¶V OLQNVDQG WKHFUHDWHG VSLOOEDFN
SKHQRPHQRQWKHDSSOLFDWLRQRI7UDIILF0DQDJHPHQW6WUDWHJLHV706DQGWKHUHDFWLRQRISRWHQWLDOGULYHUVWRLW$




ZLWKLQ WKH HYDFXDWLRQ DUHD WR OHDYH WKH UHJLRQ 7KH (7( DUH WKHQ IXUWKHU HYDOXDWHG DQG LI QRW IRXQG WR EH DW
DFFHSWDEOHOHYHOVWKH\DUHUHFDOFXODWHGDIWHUVSHFLILHGDOWHUDWLRQVDWWKHVFHQDULRGHYHORSPHQWVWHSIRULQVWDQFHXVH





7KH WRRO XVHG IRU WKH SXUSRVH RI WKLV SDSHU LV'\QXV7 &KLX HW DO  D VLPXODWLRQEDVHG G\QDPLF WUDIILF
DVVLJQPHQWWRROIRUUHJLRQDORSHUDWLRQDOSODQQLQJDQDO\VLVWKDWKDVEHHQXVHGLQVHYHUDOVWXGLHVRIPDVVHYDFXDWLRQ
DSSOLFDWLRQV +HQN HW DO 1RK HW DOO $V VKRZQ LQ )LJXUH ZLWKLQ'\QXV7 WKH WUDIILF DVVLJQPHQW
SURFHVV LQFOXGHV WKH LQWHUDFWLRQRI WKHVLPXODWLRQPRGHODQG WKH WLPHGHSHQGHQWVKRUWHVWSDWKPRGXOH'XULQJ WKH
LWHUDWLYHFRPSXWDWLRQDOSURFHVVWKHWLPHGHSHQGHQWOLQNWUDYHOWLPHDQGLQWHUVHFWLRQGHOD\VDUHXVHGDVLQSXWIRUWKH
VKRUWHVW SDWK DOJRULWKPEDVHGRQZKLFK WKHQHZ IORZGLVWULEXWLRQ LV FDOFXODWHG7KLV YROXPHGLVWULEXWLRQ LV WKHQ
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
'\QXV7 LV EDVHG RQ DQ $QLVRWURSLF 0HVRVFRSLF 6LPXODWLRQ $06 PRGHO GHULYLQJ IURP SUHYLRXV PRGHOV
DGRSWLQJ D YHKLFOHEDVHG PHVRVFRSLF WUDIILF VLPXODWLRQ DSSURDFK $FFRUGLQJ WR &KLX DQG =KRX WKLV DSSURDFK
³H[SOLFLWO\FRQVLGHUVWKHDQLVRWURSLFSURSHUW\RIWUDIILF IORZLQWRWKHYHKLFOHVWDWHXSGDWHDWHDFKVLPXODWLRQVWHS´
ZKLOHLWVPRVWFRQVLGHUDEOHDGYDQWDJHOLHVLQLWVDELOLW\WR³DGGUHVVDYDULHW\RIXQLQWHUUXSWHGIORZFRQGLWLRQVLQD
UHODWLYHO\ VLPSOH XQLILHG DQG FRPSXWDWLRQDOO\ HIILFLHQW PDQQHU´ &KLX 	 =KRX  &RQFHUQLQJ WKH WUDIILF
DVVLJQPHQWSUREOHPVROXWLRQ'\QXV7DGRSWVWKHJDSIXQFWLRQYHKLFOHEDVHG*)9VROXWLRQDOJRULWKP$VDSSHDUHG













7KH UHDVRQ IRU XVLQJ '\QXV7 IRU HYDOXDWLQJ HYDFXDWLRQ VFHQDULRV LQ &%' DUHDV OLHV LQ LWV DELOLW\ WR DGRSW D
EHKDYLRXUDO UHVSRQVH V\VWHPZKLFK DVVLJQV GULYHUV WR UHVSRQVH FODVVHV EDVHG RQ SHUFHQWDJH GLVWULEXWLRQV ,Q WKLV
ZD\ WKH PRGHO FDSWXUHV WKH FRPSOH[LW\ RI WKH YDULRXV URDG XVHU FODVVHV H[LVWLQJ LQ UHDOLW\ DQG WKHLU UHVSHFWLYH
UHDFWLRQWRUHDOWLPHWUDIILFFRQGLWLRQV%HVLGHVWKHXQUHVSRQVLYHXVHUHTXLOLEULXPDQGV\VWHPRSWLPDOXVHUFODVVHV
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7KHQHWZRUNFRQVLVWVRIGLUHFWHGOLQNVDQGQRGHV7KHOLQNVFRQWDLQLQIRUPDWLRQDERXWWKHQXPEHURI
ODQHV WKH URDG W\SHDQG LWVKLHUDUFK\ LQ WKHQHWZRUNZLGWK OHQJWK IUHH IORZ VSHHGGHVLJQDQGHIIHFWLYH VDWXUDWLRQ
IORZ GLUHFWLRQ SDUNLQJ FRQGLWLRQV DOORZHG WUDQVSRUW V\VWHPV DQG GHGLFDWHG EXV ODQHV 7KH QRGHV FRQWDLQ GHWDLOHG
LQIRUPDWLRQDERXWWKHMXQFWLRQ¶VJHRPHWU\DOORZHGPRYHPHQWVDQGFRQWURO W\SHRIWKHLQWHUVHFWLRQ&RQFHUQLQJWXUQ











VLGH VXUYH\V 566DW ORFDWLRQVZLWKSDUWLFLSDQWV7KH LQIRUPDWLRQFROOHFWHGE\ WKHVH VXUYH\VKDVEHHQ
H[WUDSRODWHGRQ ]RQHSRSXODWLRQV DQG ODQG XVHVZLWK DSURGXFWLRQDWWUDFWLRQPRGHO7KH UHVXOWLQJ2'PDWUL[KDV
WKHQ EHHQ WHPSRUDOO\ VHJPHQWHG LQ KRXUO\ LQWHUYDOV DFFRUGLQJ WR WKH WHPSRUDO SURILOHV RI WKH 566 WUDIILF
PHDVXUHPHQWV DQG WKH SKRQH VXUYH\ GDWD IRU HDFK2' SDLU VR WKDW HDFK WULS LV DWWULEXWHG WR WKH UHVSHFWLYH WLPH
VHJPHQW7KHWRWDOWUDYHOGHPDQGIRUDW\SLFDOZHHNGD\LVZLWKLQWKHUDQJHRIYHKLFOHWULSV

7UDIILF GHPDQG GDWD LQ DQ (7( VWXG\ FDQ EH FDWHJRUL]HG LQ D EDFNJURXQG GHPDQG GDWD DQG E HYDFXDWLRQ
GHPDQG GDWD 8UEDQLN  %DFNJURXQG GHPDQG GDWD UHIHU WR WKH RULJLQ DQG GHVWLQDWLRQ WULSV RYHU D KRXU
SHULRGDQGGHVFULEHWKHVLWXDWLRQEHIRUHWKHRFFXUUHQFHRIWKHLQFLGHQFH7KHEDFNJURXQG2'WULSVZHUHLQFOXGHGLQ
WKHVLPXODWLRQLQRUGHUWRFDSWXUHWKHRYHUDOOQHWZRUNWUDIILFFRQGLWLRQV7KHHYDFXDWLRQGHPDQGGDWDGHVFULEHVWKH
WHPSRUDO IRUPLQJ RI WKH WUDYHO GHPDQG GXULQJ WKH LQFLGHQW ZLWKLQ WKH DUHD RI RFFXUUHQFH 7KH HVWLPDWLRQ RI WKH
HYDFXDWLRQ 2' WULSV ZDV SHUIRUPHG DFFRUGLQJ WR WKH DVVXPSWLRQV PDGH FRQFHUQLQJ WKH HYDFXDWLRQ RULJLQ DQG
GHVWLQDWLRQ,QGHWDLOLWZDVDVVXPHGWKDWWKHLQFLGHQWRFFXUULQJDWWLPHSHULRGWDIIHFWHGVL[]RQHVLQWRWDOORFDWHGLQ
WKH&%'DUHDRIWKHFLW\DQGKRVWLQJSHRSOHLQWRWDOUHVLGHQWVDQGHPSOR\HHV7DNLQJLQWRFRQVLGHUDWLRQWKH
YHKLFOH RFFXSDQF\ UDWHV DQG WKH IDFW WKDW SHRSOH WHQG WR HYDFXDWH LQ OHVV YHKLFOHV FRPSDUHG WR WKH KRXVHKROG¶V
YHKLFOHQXPEHUYHKLFOHWULSVZHUHHVWLPDWHGWREHFRQGXFWHGWRZDUGVWKHHYDFXDWLRQGHVWLQDWLRQDUHD7KH
ODWWHUZDVDVVXPHGWREHDVWDGLXPDEOHWRKRVWWKHPHQWLRQHGHYDFXHHV¶QXPEHUDQGLVORFDWHGNPWRWKHHDVWRI
WKH LQFLGHQW&RQFHUQLQJ WKHEDFNJURXQG WUDIILFDQGVLQFHQR LQIRUPDWLRQUHSUHVHQWLQJEDFNJURXQG WUDIILFSDWWHUQV
H[LVWV LQ WKH VXUYH\ GDWD RU LQ WKH OLWHUDWXUH WKLV ZDV HVWLPDWHG EDVHG RQ WKH H[LVWLQJ WUDYHO GHPDQG JHQHUDWLRQ
PRGHO7KHIROORZLQJDVVXPSWLRQVZHUHPDGHIRU WKHSXUSRVHRI WKLV VWXG\DDOO WULSVKHDGLQJ WR WKHHYDFXDWLRQ
]RQHV GXULQJ WKH HYDFXDWLRQ HYHQW DUH FRQVLGHUHG WR EH HTXDO WR ]HUR E DOO HYDFXDWLRQ ]RQH RXWERXQG WUDIILF LV









7R TXDQWLI\ WKH SHUIRUPDQFH RI YDULRXVPHDVXUHV GXULQJ WKH HYDFXDWLRQ SURFHGXUH WKUHH VFHQDULRV KDYH EHHQ









URDG QHWZRUN 7KH W\SH RI 906 XVHG DUH HLWKHU LQIRUPDWLYH QRWLI\LQJ DQG ZDUQLQJ DERXW OLQN FORVXUHV DQG
XSFRPLQJ FRQJHVWLRQ RU PDQGDWRU\ GHVFULELQJ WKH SDWK VHW WKDW YHKLFOHV DUH REOLJHG WR XVH 7KH ³HQURXWH
LQIRUPDWLRQ´ XVHU FODVV LV XVHG LQ WKLV VFHQDULR VLQFH '\QXV7 RIIHUV WKH SRVVLELOLW\ RI PRGHOLQJ WKH WKUHVKROG




WKHGULYHU UHFRJQL]HV WKDW WKHFRQJHVWLRQ OHYHO OLQNGHQVLW\ LVKLJKHU WKDQ WKH VSHFLILHG WKUHVKROGDVVXPHGWREH
HTXDOWR)LQDOO\WKHSDUWLFLSDWLRQUDWHRIDSSURDFKLQJYHKLFOHVWKDWZLOODGKHUHWRWKHSUHYLRXVVZLWFKUHJLPHLV
HTXDO WR  LH DOO YHKLFOHV ZLOO FRQVLGHU VZLWFKLQJ WKHLU URXWH RQFH H[SHFWHG WR HQWHU D OLQN ZKLFK H[FHHGV D













$V VXPPDUL]HG LQ7DEOH  DOO VFHQDULRV DGRSWLQJ WKH XVHU HTXLOLEULXP 8( YHKLFOH FODVV UHVXOW LQ DQ RYHUDOO
LPSURYHPHQW RI WKH WUDIILF UHODWHG SDUDPHWHUV XQGHU H[DPLQDWLRQ 7KDW FDQ EH FRQVLGHUHG DV D UDWKHU H[SHFWHG
RXWFRPHVLQFHWKLVW\SHRIWUDIILFDVVLJQPHQWDVVXPHVWKDWDOOXVHUVDUHDVVLJQHGWRSDWKVWKDWZLOOUHGXFHWKHLUWUDYHO
WLPHLQVXFKDZD\WKDWQRGULYHUFDQIXUWKHULPSURYHWKHVHOHFWHGSDWK+RZHYHUWKLVGRHVQRWIXOO\GHPRQVWUDWH





%DVH&DVH 906 &RQWUD)ORZ %DVH&DVH 906 &RQWUD)ORZ
$YHUDJH6WRS7LPHPLQ      
$YHUDJH7UDYHO7LPHV$OOPLQ      
$YHUDJH7UDYHO7LPH(YDFXHHVPLQ      
$YHUDJH7ULS'LVWDQFHNP      
$YHUDJH(QWU\4XHXH7LPHPLQ      
$YHUDJH6SHHGNPK      
8VHU(TXLOLEULXP (QURXWH,QIRUPDWLRQ
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6HSDUDWLQJ WKH VWDWLVWLFV E\ IORZ W\SH WKH DYHUDJH WUDYHO WLPH IRU HYDFXHHV RQO\ LV PLQLPL]HG DW WKH EDVH FDVH
VFHQDULRZKHUHWKHHYDFXDWLRQODVWVPLQXWHV7KHGLIIHUHQFHLVHTXLYDOHQWWRDQGLPSURYHPHQWLQUHJDUG












%DVH&DVH 906 &RQWUD)ORZ %DVH&DVH 906 &RQWUD)ORZ
(YDFXDWLRQ]RQH      
(YDFXDWLRQ]RQH      
(YDFXDWLRQ]RQH      
(YDFXDWLRQ]RQH      
(YDFXDWLRQ]RQH      




%HVLGHV WKH WUDYHO WLPH SDUDPHWHU DQRWKHU LPSRUWDQW SHUIRUPDQFH PHDVXUH XQGHU H[DPLQDWLRQ LV WKH DJJUHJDWH
QXPEHURIHYDFXHHVWKDWUHDFKWKHGHVLJQDWHGHYDFXDWLRQGHVWLQDWLRQDUHD)LJXUHLOOXVWUDWHVWKHSHUFHQWDJHRIWRWDO
DUULYDOV IRU WKHEDVH906DQGFRQWUDIORZFDVHV7KHUHVXOWV LQGLFDWH WKDWQHLWKHU WKHFRQWUDIORZRSHUDWLRQQRU WKH
906GHSOR\PHQWHIILFLHQWO\FRQWULEXWHLQWKHDPRXQWRIHYDFXHHVUHDFKLQJWKHLUGHVWLQDWLRQ$WWKHHQGRIWKHDQDO\VLV
SHULRGFORVH WRRIHYDFXHHVDUULYHGDW WKHGHVWLQDWLRQ LQ WKHEDVHFDVH VFHQDULRZKHUHDVRQO\FORVH WRRI
HYDFXHHVDUULYHGDWWKHLUGHVWLQDWLRQVDWWKHVDPHWLPHLQWKH906DQGFRQWUDIORZVFHQDULR






RI7KHVVDORQLNL ,QRUGHU WRHYDOXDWHD VHULHVRIVFHQDULRVFRQFHUQLQJ WKHSUREDEOH WUDIILFPHDVXUHV WDNHQGXULQJ WKH
HYHQWDODUJHVFDOHVLPXODWLRQEDVHGG\QDPLFWUDIILFDVVLJQPHQWPRGHOLVGHYHORSHGDQGXVHGIRUWKHDVVHVVPHQW7KH
UHVXOWV LQGLFDWH WKDW HYDFXHHV ZLOO UHDFK WKHLU GHVWLQDWLRQ IDVWHU ZKHQ QHLWKHU 906 QRU FRQWUDIORZ RSHUDWLRQV DUH
GHSOR\HG ZKLOH WKH RYHUDOO QHWZRUN SHUIRUPDQFH VOLJKWO\ ZRUVHQV ZKHQ QR PHDVXUHV DUH WDNHQ DW DOO +RZHYHU
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+HQN5+%DOODUG$-5RELGHDX5/3HDFRFN:*0DJKHODO3/LQGHOO0.3UDWHU&6/RIWXV2WZD\/6LHJHVPXQG3+DUULVRQ
5/DVGRQ/&KLX<&=KHQJ+3HUNLQV-/HZLV&%R[LOO6'LVDVWHU3UHSDUHGQHVVLQ7H[DV&ROOHJH6WDWLRQ7H[DV
7UDQVSRUWDWLRQ,QVWLWXWH

/LQGHOO0(0%/(0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
/LQGHOO0.3UDWHU&6&ULWLFDO%HKDYLRUDO$VVXPSWLRQVLQ(YDFXDWLRQ7LPH(VWLPDWH$QDO\VLVIRU3ULYDWH9HKLFOHV([DPSOHVIURP
+XUULFDQH5HVHDUFKDQG3ODQQLQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQWYROQRSS±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